The crystal structure of ZnI2 molecule synthesized in zeolite A (LTA) has been studied by single-crystal X-ray diffraction techniques. A single crystal of |Zn6|[Si12Al12O48]-LTA, synthesized by the dynamic ion-exchange of |Na12|[Si12Al12O48]-LTA with aqueous 0.05 M Zn(NO3)2 and washed with deionized water, was placed in a stream of flowing 0.05 M KI in CH3OH at 294 K for four days. The resulting crystal structure of the product (|K6Zn3(KI)3(ZnI2)0.5|[Si12Al12O48]-LTA, a = 12.1690(10) Å) was determined at 294 K by single-crystal X-ray diffraction in the space group Pm m. It was refined with all measured reflections to the final error index R1 = 0.078 for 431 reflections which Fo > 4σ (Fo). At four crystallographically distinct positions, 3.5 Zn 2+ and nine K + ions per unit cell are found: three Zn 2+ and five K + ions lie on the 3-fold axes opposite 6-rings in the large cavity, two K + ions are off the plane of the 8-rings, two K + ions are recessed deeply off the plane of the 8-rings, and the remaining a half Zn 2+ ion lie on the 3-fold axes opposite 6-rings in the sodalite cavity. A half Zn 2+ ion and an I − ion per unit cell are found in the sodalite units, indicating the formation of a ZnI2 molecule in 50% of the sodalite cavities. Each ZnI2 (Zn-I = 3.35(5) Å) is held in place by the coordination of its one Zn 2+ ion to the zeolite framework oxygens and by the coordination of its two I − ions to K + ions through 6-rings (I-K = 3.33(8) Å). Three additional I − ions per unit cell are found opposite a 4-ring in the large cavity and form a K3I 2+ and two K2ZnI 3+ ionic clusters, respectively.
Introduction
Metal compound catalysts in solution or supported on solids, such as silica gel and zeolites, are used extensively. [1] [2] [3] [4] [5] [6] Zeolites are one of the best supports for catalysts in the petro-and organo-chemical industries. Zeolites ion-exchanged by transition metal ions are also useful catalysts. 1, 7 The catalytic properties of zeolites supported transition metal compounds have been studied intensively.
1 Various metal compounds and zeolites have been chosen to develop and control advanced catalytic reactions.
1 These catalytic reactions can be more easily controlled by using zeolites as support because the unique-sized metal compounds which are catalytically active materials, can be synthesized and stabilized in regular three-dimensionally arrayed cavities of zeolites. Additionally, the reactants and products can also be controlled due to the shape-selectivities of zeolites. 8 Zinc halides, ZnX2 (X = Cl, Br, I), are used as catalysts in various organic reactions. For cross-coupling reactions of carbonylmethyl units using α-chloroketones and tin enolates, zinc halides are used excellent catalysts. 9 One function of the ZnX2 in the reactions is to serve as a Lewis acid promoting the precondensation step. 9 Polymer-supported zinc halides, (PVP)ZnX2 (PVP = poly(4-vinylpyridine), X = Cl, Br, I), have also been reported as heterogeneous catalysts with high selectivity and activity for the coupling reactions of carbon dioxide and epoxides.
2 ZnCl2, ZnI2, and TiCl4 supported on silica gel are more efficient catalysts in various organic reactions, [3] [4] [5] such as the Friedel-Crafts alkylation of benzene with alkyl chlorides 3 and Diels-Alder reactions with different dienophiles 4, 5 even though ZnX2 and TiCl4 are already good catalysts for these reactions. 3 The applicability of these materials in Diels-Alder reactions of furan is improved by supporting it on silica gel. 3 Additionally, silica gel-supported ZnX2 catalysts also provide an efficient synthesis of aryl-substituted halo olefins from aromatic ketones and acetyl halides with the some advantages of operational simplicity, mild conditions, high yield, and stereoselectivity. 6 Group IIb iodides, ZnI2, CdI2, and HgI2, have been studied for their optical properties. 10, 11 Specifically, HgI2 has been studied because of its optical properties and its utility as radiation detector and CdI2 has also been extensively researched due to its polytypism. 10, 11 In recent decades, the optical and structural properties of ZnI2 films have also been studied using optical-absorption measurement. 10, 11 The optical band gap of ZnI2 films is the direct-type and shows thickness dependence related packing density and size distribution of crystallite grains. 10, 11 A large decrease in band gap has been attributed to the large c/a and this result indicates the optical properties of group IIb iodides are changed by their crystal structures. 10, 11 In this work, we have attempted to synthesize ZnI2 clusters in a single crystal of zeolite A and to determine its structure. This was done because the ZnI2 clusters in the unique-sized and regular three-dimensionally orientated cavities of zeolites are predicted to be advanced catalytic and optical materials. The resulting crystal, |K6Zn3(KI) 3 16 The resulting |Zn6|[Si12Al12O48]-LTA crystal was thoroughly washed with deionized water and then placed in a flowing stream of 0.05 M KI (Aldrich 99.99%) in CH3OH (Merck 99.8%) at 294 K for 4 days. No attempt was made to dry the CH3OH beforehand. At the end, no attempt was made to remove the solvent from the crystal, neither by evacuation nor heating. The crystal was then isolated in its capillary by sealing both ends with a small torch. After ion-exchange with Zn 2+ and a consecutive reaction with KI, the crystal was colorless.
X-ray diffraction data of the single-crystal was collected at 294(1) K on an ADSC Quantum210 detector at Beamline 4A MXW of The Pohang Light Source. The wavelength of the synchrotron X-rays was 0.76999 Å. The crystal was rotated through a total of 360 o , with a 1.0 o oscillation per frame. We got basic scale file from program the HKL2000 (Otwinowski & Minor, 1997) program which included the DENZO indexing program with the cubic space group P23. A full-matrix least-squares refinement using SHELEX97 17 with the cubic space group Pm m (no systematic absences) was carried out on this work for reasons discussed previously. [16] [17] [18] [19] [20] A summary of the experimental and crystallographic data is presented in Table 1 .
Structure Determination
A full-matrix least-squares refinement using SHELXL97 Table 2 ) in dehydrated |K12|[Si12Al12O48]-LTA. 21 The initial refinement using isotropic thermal parameters for all positions converged to the error indices (defined in footnotes to Table 1 ) R1 = 0.44 and R2 = 0.78.
See Table 3 for the steps of structure determination and refinement as new atomic positions were found on successive difference Fourier electron-density functions. The refinement with ten additional peaks from Fourier difference functions and isotropic thermal parameters to refine the framework atoms led to convergence with R 1 = 0.11 and R 2 = 0.32. These framework atoms and some atoms opposite 6-ring were allowed to refine anisotropically (see Table 2 ) and the refinement converged to R 1 = 0.078 and R 2 = 0.208. The final cycles of the refinement were carried out with occupancies fixed at the values given in Tables 2 and 3 . This model converged to the final error indices R 1 = 0.078 and R 2 = 0.215. In the last cycle of least-squares refinement, all shifts were less than 0.1% of their corresponding estimated standard deviations. Final structural parameters are presented in Table 2 and selected interatomic distances and angles are given in Table 4 .
Fixed weights were used initially; the final weights were assigned using the formula w = 1/[σ Table 1 ). Atomic scattering factors for Zn
, and (Si,Al)
1.75+ were used.
22,23
The function describing (Si,Al) ; R2 is calculated using all 483 unique reflections measured.
modified to account for anomalous dispersion.
24,25

Results and Discussion
Zeolite A Framework and Cations. The flex of (distortion to) the framework structure of the zeolite |K 6 Table  5 ). 16, 20, 21 In each unit cell of the zeolite |K 6 Zn 3 (KI) 3 (ZnI 2 ) 0.5 |-[Si 12 Al 12 O 48 ]-LTA, three and a half Zn 2+ and nine K + ions are distributed over four crystallographically distinct positions; on the 3-fold axes opposite 6-ring, a half, one, and two Zn 2+ ions are found at Zn(1), Zn(2), and Zn(3), respectively, and three and two K + ions at K(1) and K(2), respectively, are also found. Additionally, two K + ions at K(3) are found on near 8-rings and two K + ions at K(4) lie on deeply off the plane of the 8-rings in the large cavities. Therefore, the eight 6-rings per unit cell contain three and a half Zn 2+ and five K + ions; each Zn 2+ and K + ion lies on a 3-fold axis and those ions at Zn(1), Zn(2), Zn(3), K(1), and K(2) extend 0.50, 0.18, 0.63, 1.44, and 2.45 Å, respectively, from the (111) planes at O(3) (see Table 6 ).
The Zn 2+ ions at Zn(1) in the sodalite units, and at Zn(2) Framework atoms were allowed to refine anisotropically.
c Framework atoms and some atoms opposite six-ring were allowed to refine anisotropically (see Table 2 Table  4 ). The K(1)-O(3) distance, 2.584(11) Å, is similar to the sum of the ionic radii of K + and O 21 The K + ions at K(1) and K(2) extend 1.44 Å and 2.45 Å, respectively, into the large cavity from the (111) planes at O(3) (see Table 5 distances and structure (vide infra). Per unit cell, two K + ions at K(3) are found on near 8-rings and two K + ions at K(4) are also found on deeply off the plane of the 8-rings in the large cavities. The K + ions at K(3) and K(4) are 2.78(5) Å and 2.92(6) Å from framework oxygen at O(2) and O(1), respectively. The approach distance is somewhat longer than the calculated one, 2.65 Å, but the longer distances of 8-ring cations from the framework oxygen are observed in many monopositive cationic forms of zeolite A. The two kinds of crystallographic positions and somewhat longer distances of 8-ring cations can be explained by existence of two kinds of K + -included clusters near 8-rings in the large cavities (vide infra).
Including all of the cationic ions that are found, the total charge of the unit cell is +3.34 ((3.5 × (+2)) + (9.0 × (+1)) -12 = +16.0). This is because occupancies of all of Zn 2+ and K + ions per unit cell are 3.5 and 9, respectively, and the charge of framework per unit cell is −12. Therefore, some additional negative ions are needed in the unit cell to make neutral charged unit cells. This is shown in Tables 2 and 3 .
ZnI2 Molecule in the Sodalite Unit. In the sodalite units, 0. Table 4 ) and extend 0.50 Å into the sodalite unit from the (111) planes at O(3) (see Table 6 ). The Zn(1)-O(3) distance, 2.215(14) Å, is similar to those were found in previous works (1.99 Å to 2.30 Å) 16, 20 and indicate the ion at Zn(1) are Zn 2+ ions. The occupancy of I − ion at I(1), 1.0, is equal to twice of that of Zn 2+ ions at Zn(1), 0.5, and extend 1.89 Å into the sodalite unit from the (111) planes at O(3) (see Table 6 ). They are thus far from the three nearest anionic framework oxygens, indicating that they are not cations. Furthermore, the bonding distance of I(1) to the nearest Zn Considering the occupancies of Zn 2+ ions at Zn(1) and I − ion at I(1), 0.5 and 1.0, respectively, (see Table 2 ) and the possible arrangements of Zn 2+ and I − ions within the space of the sodalite unit, one ZnI 2 molecule in the 50% of the sodalite units is most likely (see Figures 1, 2, and 3) . In this arrangement, one Zn 2+ ion bonds to two I − ions (in addition to three framework oxygens), and each I − ion bonds to one Zn 2+ ion (in addition to one K + ion at K(1)). The stereoview of such a sodalite unit with a ZnI 2 molecule is shown in Figure 1 . The ZnI 2 molecules in the sodalite cavities of this crystal are likely to be very stable because the absorbed and captured molecules within nano-sized spaces are highly resistant to high temperature and sudden changes in temperature and vacuum conditions. Additionally, this synthesis method, dynamic ion-exchange with aqueous solutions at room temperature, has been extensively used to make various other nanoclusters, Ag 4 I 4 , 12 Ag 4 Br 4 , 13 and PbI 2 , 14 in the sodalite cavities because it is more productive and efficient compared to other methods such as thermal diffusion with vapor.
Zn-K-I Clusters in the Large Cavities. Three I − ions per unit cell are found opposite 4-rings in the large cavity; two at I(2) and one at I(3) per unit cell are opposite 4-ring in the large cavities, respectively, but the I − ions at I(2) and I(3) are found at two different positions (see Table 2 ). Therefore, two kinds of clusters with an I − ion at I(2) or I(3) are predicted: two clusters with an I − ion at I(2) and another with an I -ion at I(3). Two K 2 ZnI 3+ cluster per unit cell are found in the large cavities and each of those includes an I − ion at I(2). Each K 2 ZnI 3+ cluster consists of two K + ions (one at K(2) and one at K(4)), a Zn 
